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Abstract
Introduction: After the Volendam fire, a multidisciplinary, integral evaluation,
called the Medical Evaluation of the Disaster in Volendam (MERV), was estab-
lished. This article is a discussion of disaster research methodology. It describes
the organizational framework of this project and the methodological problems.
Methods: A scientific steering group consisting of members from three hos-
pitals prepared and guided the project. A research team wrote the final study
protocol and performed the study. The project was funded by the Ministry of
Health. The study protocol had a modular design in which each of the mod-
ules focused on one specific area or location. The main questions for each
location were: (1) which treatment protocols were used; (2) what was the con-
dition of the patient; and (3) was medical care provided according to existing
protocols. After the fire, 241 victims were treated in hospitals; they all were
included in the study. Most of the victims had burn injuries, and approxi-
mately one-third suffered from inhalation injury. All hospitals and ambulance
services involved were visited in order to collect data, and interviewers
obtained additional information. The government helped obtain permission
for data-collection in three of the hospitals. Over 1,200 items of information
about each patient and >200,000 total items were collected. During data pro-
cessing, the data were re-organized, categorized, and presented in a uniform
and consistent style. A cross-sectional site analysis and a longitudinal patient
analysis were conducted. This was facilitated by the use of several sub-data-
bases. The modular approach made it possible to obtain a complete overview
of the medical care provided. The project team was guided by a multidiscipli-
nary steering group and the research was performed by a research team. This
enabled the research team to focus on the scientific aspects.
Conclusion: The evaluation of the Volendam fire indicates that a project
approach with a modular design is effective for the analysis of complex inci-
dents. The use of several sub-databases makes it easy to combine findings and
conduct cross-sectional and longitudinal analyses. The government played an
important role in the funding and support of the project. To limit and struc-
ture data collection and analysis, a pilot study based on several predefined
main questions should be conducted. The questions then can be specified fur-
ther based on the availability of data.

van Harten SM, Bierens, JJLM, Welling L, Patka P, Kreis RW, Boers M: The
Volendam fire: Lessons learned from disaster research. Prehosp Disast Med
2006:21(5):303-309.

Introduction
Recent disasters have attracted the attention of different professionals, and dis-
aster investigation now occurs with increasing regularity. Disaster research is
important as it can help improve facilities for future disasters, contribute to the
preparedness of medical intervention, and inform the population on the qual-
ity of care that has been provided.1"3 However, most investigations of disaster
situations only provide incomplete descriptions of the health care provided or
selected aspects of medical care in disaster situations (e.g., a selection of
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patients or parameters).4"13 The Disaster Health Studies
Group, installed after the Oklahoma City bombing in 1995,
performed multidisciplinary and integral research.3

After the Volendam cafe fire, the government installed
a special committee to investigate the cause of the fire and
an organizational framework for the disaster response
(Committee of Inquiry—cafe fire, 01 January 2001).4

Meanwhile, two university hospitals and the regional burn
center expressed interest in investigating the medical
aspects of the event. On the initiative of these three hospi-
tals, a unique, extensive, multidisciplinary, • and integral
evaluation was performed. The evaluation was called the
Medical Evaluation of the Disaster in Volendam (MERV).
This article is a discussion of the disaster research method-
ology used for the evaluation. It describes the organiza-
tional framework of this project and the methodological
problems encountered.

Methods
Description of the Disaster
Event—On 01 January 2001, a fire occurred in a cafe in
Volendam, a small fishing village located about 20 kilome-
ters from Amsterdam. More than 350 children and young
adults from 13-27 years of age were closely packed inside
of the cafe when the short blaze occurred. The temperature
in the room reached 400° Celsius (752° F).4

Response—Immediately after the fire began, many volun-
teers, ambulance crews, family doctors, and mobile medical
teams arrived on-scene to assist with the rescue and provide
medical treatment. A total of 241 victims were brought to 19
hospitals in the surrounding area by nine ambulance services.
Three mobile burn triage teams were formed to support
the hospitals involved with the initial treatment, and to
establish the need for secondary referrals. During the fol-
lowing days, 78 patients were re-triaged and transported to
other national and international hospitals to receive the
most appropriate level of care. Most patients (71%) were
transferred within 48 hours. A total of 36 hospitals were
involved in treating the victims, including 11 burn centers
in the Netherlands, Belgium, and Germany.

Initial Study Proposal
Soon after the fire, three hospitals expressed their interest
in exploring various aspects of the quality of care provided.
These aspects included: (1) the efficacy of medical treat-
ment by the medical teams at the site of the event and in
the emergency departments; (2) the impact of the sudden
increase in the patient load on the ongoing patient care;
and (3) the efforts by the burn teams to optimally distrib-
ute the burn victims between the 36 hospitals (national and
international burn centers, university hospitals, and general
hospitals). Based on advice from the Ministry of Health,
these initiatives were combined into MERV. The variety of
study aspects were combined and re-ordered into one study
protocol using a modular design. The initial eight modules
included: (1) the effect of the on-site organization on the
care provided; (2) the impact of the disaster on the regular

medical care provided in the hospitals; (3) the medical
assistance provided at the site of the event; (4) the stabi-
lization of patients in the emergency departments; (5) the
treatment in the intensive care unit (ICU); (6) the inter-
hospital transport of patients; (7) whether optimal medical
care was provided; and (8) whether any deaths were pre-
ventable. The Ministry of Health funded the study, and a
deadline for reporting to the government was set.

Research Team
A multidisciplinary, scientific steering group was installed
in order to prepare and guide the project. This group
included anesthesiologists and surgeons from the three
participating hospitals, a clinical epidemiologist, and a rep-
resentative of the local health authorities. After the scientif-
ic steering group had received formal approval for funding,
a research team was formed and a Project Coordinator was
appointed. The study was performed by four junior
researchers. Three senior researchers were appointed to
provide supervision part-time. The project team also
included four research assistants, a data manager, six data
typists, and a secretary (Figure 1).

Object Design
The researchers re-ordered the initial modules and devel-
oped a final study protocol. The final protocol also con-
tained eight modules (Table 1). The question of whether
any deaths were preventable was abandoned because the
quality and quantity of data would be insufficient for a bal-
anced answer for each deceased victim. Two extra modules
concerning the medical care provided in the general wards
and the logistical and financial impact were added. For
each of the different locations in the medical chain (event
site, emergency department, general wards, and ICU) the
initial questions to be answered were:

1. Which treatment protocols were available?;
2. What was the condition of the patient?; and
3. Was medical care given according to existing protocols?

The credentials of the care providers in each location and their
familiarity with the protocols also were investigated. The
interhospital transport module contained questions concern-
ing reasons and consequences of the transports. Furthermore,
questions related to the costs and extra personnel in the hospi-
tals and questions related to the overall mortality and outcome
were included. These questions then were enhanced further
and final research questions were formulated (Table 2).

Medical Ethical Approval
The Medical Ethics Committee of one of the academic
hospitals approved the final study proposal. A letter was
sent to the victims to inform them about the evaluation
project and they were allowed to refuse the use of their
medical data. If they had any questions, they could contact
the Support Center for the Volendam victims (the
"Anker"), which was established shortly after the fire. The
participating hospitals and ambulance services were
informed and asked for permission for data collection.
Three hospitals initially were not willing to cooperate,
partly due to the fear of offending privacy legislation.
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Scientific Steering Group
2 surgeons/traumatologists

1 surgeon/burn expert
2 anesthesiologists

1 anesthesiologist/burn expert
1 clinical epidemiologist

1 representative of the local health authorities

Research Assistant

Research Assistant

Research Assistant

Research Assistant

Project Coordinator

Data Manager

Epidemiologist

Junior Researcher

Data Typist Data Typist

Data Typist Data Typist

1 — Data Typist Data Typist

Junior Researcher

Senior Researcher

Junior Researcher Junior Researcher

Senior Researcher Senior Researcher

Figure 1—Organizational chart for the MERV project group

1. Organization at the disaster site

2. Medical care at the disaster site

3. Medical care in the emergency departments

4. Medical care in the intensive care units

5. Medical care in the general wards

6. Interhospital transports

7. Logistic and financial impact

8. Outcome parameters

van Harten © 2006 Prehospital and Disaster Medicine

Table 1—Final modules used in the investigation

Finally, after government involvement, all hospitals agreed
and data collection began.

Data Collection
All of the data required to answer the questions were inven-
toried and separate case report forms (CRFs) were devel-
oped for each step in the medical chain. By assigning a
patient number to each victim, data from different CRFs
could be combined. Research assistants were trained to collect
the data and complete the CRFs. A list of included victims and

van Harten © 2006 Prehospital and Disaster Medicine

hospitals was provided by the local health authorities and the
Support Center. All 36 hospitals (both national and interna-
tional) involved in treating victims as well as the nine
ambulance services involved were visited. Medical files and
ambulance registration forms provided all of the patient-
related information. No patients were contacted directly.
Information from the hospitals was checked and compared
to the lists provided. Additional information, mostly con-
cerning the triage and treatment protocols used, was
obtained by interviewing with key personnel who were at
the scene and in the hospitals. During data collection,
patient identification was maintained in order to add data
and check the collected information of different resources.
When all of the collected data were assembled, patient
identification data were deleted, only leaving the anony-
mous patient number. Databases were developed by the
Data Management Department of one of the participating
university hospitals using the SPSS 11.0 software package
(SPSS® Inc, Chicago, Illinois, USA). Data were entered
into the database twice and compared for accuracy by the
data typists.

Results
After the fire, 241 victims were treated in hospitals, 182
(75.5%) were admitted to a ward or an ICU, and 78
(32.3%) of them ultimately were transferred to another
hospital. The injury pattern was uniform. Most of the vic-
tims had sustained burn injuries, and approximately one-
third suffered from inhalation injuries (Table 3). The data
for all 241 disaster victims were included in the study
according to the list of victims provided by the local health
authorities. More than 1,200 data items about each patient
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Initial module

Final module

Main research questions

Final research questions

The stabilization of the patients in the emergency department

The medical care in the emergency department

Treatment protocols?

Condition of the patient?

Medical care according to existing protocols

Did all emergency departments have protocols for the
treatment of burn injuries?

Were all care providers familiar with these protocols?

How many care providers were available at the emergency
departments?

What was their level of education?

How many patients were treated in the emergency
departments?

How long did they stay?

Which medical data indicating the patient's condition were reg-
istered?

Which treatments were provided?

What was the condition of the patients arriving at the ICU?

Was the triage in the emergency department adequate?

Was medical care provided according to protocol?
van Harten © 2006 Prehospital and Disaster Medicine

Table 2—Example of the final research questions in a module (ICU = intensive care unit)

Total number of victims

Admitted to ED

Admitted to ICU

Admitted to ward

Secondary transport

n

245

233

112

70

78

(%)

100

95.1

45.7

28.6

31.8

Burn injury*

Inhalation injury*

Other injuries*

Deceased on-site

Deceased in ICU

n

221

96

36

4

10

(%)

86.1

39.2

14.7

1.6

4.1

van Harten © 2006 Prehospital and Disaster Medicine

Table 3—Study population (ED = emergency department, ICU = intensive care unit)
*diagnosed in hospital

and >200,000 total items were collected. The data con-
tained demographic parameters, physiologic parameters,
injuries diagnosed at the three different hospitals, and
treatment provided to the victims at these locations.
During interviews with >50 local and hospital health
workers, details were collected concerning the protocols
used, collaboration, and specific skills employed. Some of
the data elements collected were not relevant. This was true

especially for the patients treated in the ICU, where exten-
sive lists were made of the treatment and interventions pro-
vided. Only items that reflected the care at the site of the
event, emergency department, and the outcome parameters
were used. An important amount of data could not be col-
lected for the initial phases of care. For example, 12 diagnostic
variables that were relevant in all settings were examined,
including: (1) suspicion of inhalation injury; (2) breathing fre-
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TBSA
%

None

<15

15-25

25-40

>40

Unknown

Inhalation injury

1

28

21

19

27

0

No inhalation
injury

25

108

7

1

0

4

van Harten © 2006 Prehospital and Disaster Medicine

Table 4—Example of categorization of patients (n = 241):
patients are divided in groups of severity of injury based
on the Total Body Surface Area burned (TBSA) and
inhalation injury

quency; (3) oxygen saturation; (4) systolic blood pressure;
(5) heart rate; (6) body temperature; (7) Glasgow Coma Scale
Score; (8) burns; (9) Total Body Surface Area (TBSA) burned;
(10) percentage of second-degree burns; (11) percentage of
third-degree burns; and (12) additional injuries. On average,
>60% of these variables were missing for all patients with an
ambulance record and in the emergency department records,
decreasing to about 20% in the intensive care records.

Data Processing
Frequency tables of the data were analyzed and missing
data were inventoried. The data were condensed and aggre-
gated by transforming continuous data into categorical
data. Clear definitions were given, and cut-off points were
determined to be able to compare and analyze by groups.
For example, the patients were assigned into groups by
severity of injury based on the TBSA involved and the
presence of inhalation injury in order to facilitate further
analysis (Table 4). Standardized data could be presented
uniformly and consistently. Each module had its own sub-
database, which was derived from the complete database.
However, all variables could be combined using the patient
identification number. In this way, the database could con-
tain large amounts of data, and the new sub-databases were
easier to analyze using smaller amounts of computer memory.

Analysis
The diagnosis and treatment at each of the three locations
(event site, emergency department, ICU) were analyzed
cross-sectionally (for example, the number of patients at
the scene suspected of having an inhalation injury and the
number that was intubated at on-scene). A longitudinal
patient analysis was conducted to relate the final diagnosis
in the ICU or ward to the treatment at the scene, during
ambulance transportation, and in the emergency depart-
ment. For example, the number of patients that finally were
diagnosed as having sustained an inhalation injury in rela-
tion to the percentage of patients that were intubated at
each of the different locations.

During the analysis, it became evident that some of the
predefined questions were not specific enough, which ham-
pered the selection of available data. For example, in the
emergency department, one of the research questions asked
whether medical care was provided according to existing pro-
tocols. Because several hospitals used different protocols, this
had to be specified further in order to provide an answer. It
was decided to use the Emergency Management of Severe
Burns Course Manual as a reference.-' Then, for every step in
the protocol, questions concerning diagnosis and consequent
treatment were formulated. For example, "How many
patients had burns >15% TBSA?" "Did all patients with
burns >15% TBSA receive intravenous fluids?" The same
cut-off points were used in each module to enable longitudi-
nal analyses. The amount of missing data made it impossible
to provide answers to some specific questions. However, by
combining data, other relevant questions could be answered
in the longitudinal analysis. For example, the accuracy of esti-
mating the TBSA at the scene and the emergency department
could be established by relating the data at these locations the
final estimations conducted in the hospital.

Report and Published Articles
Due to the amount of missing data for some areas, only an
indication of the quality of care could be provided. The
questions that could be answered, relevant findings, and rec-
ommendations for future disasters based on these findings,
were published in a report which was presented to the gov-
ernment.6 In a second phase of this evaluation, several of
these recommendations were outlined further and present-
ed in a consensus process.7 Certain aspects and findings of
the evaluation have made their way into the peer-reviewed
medical literature and several articles are planned to be pub-
lished in the near future.8"11 The recommendations of the
consensus process are now considered for implementation
by policy-makers and involved professional organizations.

Time Frame
There were a total of 29 months between the disaster in
January 2000 and the publication of the report in June 2003
(Table 5). The first research proposal and approval by the
government was realized within months. Then, a research
team was formed. Several junior and senior researchers were
appointed as well as a project coordinator, which also
required several months. The funding of the project was
received a month after the formation of the research team.
Although no serious delays could be identified in either of
the steps, in total, the formation of the research team and
the funding of the research project required nearly one year.
The final study proposal was completed, and after approval
from the medical ethics committee, permission for data col-
lection from the hospitals was obtained. Some delay was
added because the three participating hospitals initially
were unwilling to provide data. The government played a
role in obtaining permission to access the records.

Discussion
Several lessons can be learned from this project. First, the
modular approach: merging of the data in a modular man-
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18 January 2001

May 2001

June 2001

November 2001

December 2001

February 2002

March 2002

April 2002

May 2002

June 2002

September 2002

November 2002

January 2003

April 2003

May 2003

June 2003

One integrated proposal

Integrated proposal accepted and funding approved by Ministry of Health

Advertising for members of the Project Team

Start Project Team

Funding received

First draft of Evaluation Protocol

Approval of Ethics Committee

Evaluation Protocol conmpleted

CRF and database completed

Collection of data in the hospitals

Processing of data

Data of initially non-responding hospital included

First Report version

Final Report version

Proofs printed

Report completed

Table 5—Time path of activities 2001-2003 (CRF = case report form)
van Harten © 2006 Prehospital and Disaster Medicine

ner was effective. The integrated and modular design of the
study enabled researchers to separate the different aspects
of the study and to allow the individual researcher to focus
on certain issues. Each step in the medical chain was eval-
uated, and combining these findings made it possible to
make cross-sectional and longitudinal analyses and provid-
ed a complete overview of medical care given to the victims.
This was facilitated by the use of patient identification
numbers and the use of several sub-databases. An advan-
tage of the modular design was that when insufficient data
were available for certain aspects of the study, other aspects
of the study still could be conducted. Due to the multidis-
ciplinary approach in the evaluation of the Volendam dis-
aster, most aspects of medical treatment were included.

Another important aspect of the project was the separa-
tion between the organizational and scientific components.
The Volendam project was guided by a steering group and
performed by a research team. This enabled the research
team to focus on the scientific aspects of the project, while
the organizational aspects were covered by the steering
group. However, at that time, most of the researchers and
members of the steering group had limited experience with
the descriptive, epidemiological analysis of large patient
groups. This hampered progress at some stages. First, in the
data collection stage, an insufficient number of selections
actually were relevant to specific questions. Consequently,
the number of parameters collected was unnecessarily large.
Additionally, the questions often were too broad and it was
difficult to find an answer. During the evaluation of a dis-
aster, and in other fields of research, it is important to for-
mulate specific and relevant questions.1'2 To facilitate this,
the steering group and research team should include
experts who understand the methodologies used for disas-
ter research and are able to define the most elementary
questions related to the disaster. If possible, experts previ-
ously involved in disaster research also should be included.1

Early on, government involvement is crucial for the funding
and support of a disaster research project. This was demonstrat-
ed after the Oklahoma City bombing, where the Disaster
Health Study Group recommended involvement of the State
Health Department early in the process.3 Then, it became pos-
sible to collect data from all hospitals involved within days, by
declaring the disaster-related injuries as reportable events. After
the Volendam disaster, it took nearly 18 months before data-
collection began. In spite of the delay, 100% of the victims were
included in the study, which is high compared to the 35-40%
inclusion rate in most disaster research projects. It is advisable
that agreements are made in advance with the government on
their role in the permission for data collection of all hospitals as
well as on the financial support of disaster research.

As in this study, a major problem in most disaster
research is the lack of available data. The majority of rele-
vant data items were missing in the initial phases of the
care process (scene/ambulance, emergency department). Since
accurate medical record keeping is critical to the evaluation
and effective management of disasters, its importance can
not be over-emphasized.2'12

A study must be designed in advance and all relevant
aspects of the disaster should be evaluated in a integral
multidisciplinary and standardized approach.2 A standard
research plan framework should be prepared before a dis-
aster occurs, since there is not enough time to prepare an
adequate research plan immediately following a sudden
onset disaster. A modular design can be helpful to include
all phases of the disaster. The main questions regarding dis-
aster medical care for each step in the medical chain,
described in separate modules, could be:

1. What treatment protocols were used?;
2. What was the condition of the patient; and
3. Was medical care provided according to protocol?

It is important to specify these questions early in the
process. Then, a selection can be made using relevant, basic
parameters. A pilot study should be performed to establish
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if these basic parameters and information concerning spe-
cific treatments are available. Based on this, the predefined
questions can be adapted or specified further. A standard
template for disaster research would not be realistic, since
injuries can differ in each disaster and different interests
might exist.

The Medical Evaluation of the Disaster in Vblendam
was unique in its organization and structure. After the
Oklahoma City bombing, the data collection was com-
bined, but those research studies were fractional and did
not included all aspects of medical intervention. In addi-
tion, for several of the study protocols, no funding was
obtained, which prevented them from commencing.3

Conclusion
The evaluation of the Volendam disaster shows that a pro-
ject approach with a modular design effectively analyzes
complex incidents. Due to the multidisciplinary approach,
most aspects of medical treatment were covered. The use of
several sub-databases makes it easy to combine findings
and to conduct cross-sectional and longitudinal analyses.
The government has an important role in funding and sup-
port of the project. The project team should include experts
who understand the methodology of disaster research. A
pilot study based on several predefined main questions
should be conducted to limit and structure data collection
and to support analysis. Then, the questions can be refined
and specified further based on the availability of data.
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